Traffic-related air pollution (TRAP) exposure during childhood is associated with asthma; however, the contribution of the different TRAP pollutants in each microenvironment (home, school, transportation, others) in asthmatic and non-asthmatic children is unknown. Daily (24-h) personal black carbon (BC), ultrafine particle (UFP), and alveolar lung-deposited surface area (LDSA) individual exposure measurements were obtained from 100 children (29 past and 21 current asthmatics, 50 non-asthmatics) aged 9±0.7 years from the INMA-Sabadell cohort (Catalonia, Spain). Time spent in each microenvironment was derived by the geolocation provided by the smartphone and a new spatiotemporal map-matching algorithm. Asthmatics and non-asthmatics spent the same amount of time at home (60% and 61%, respectively), at school (20% and 23%), on transportation (8% and 7%), and in other microenvironments (7% and 5%). The highest concentrations of all TRAPs were attributed to transportation. No differences in TRAP concentrations were found overall or by type of microenvironment between asthmatics and non-asthmatics, nor when considering past and current asthmatics, separately. In conclusion, asthmatic and non-asthmatic children had a similar time-activity pattern and similar average exposures to BC, UFP, and LDSA concentrations. This suggests that interventions should be tailored to general population, rather than to subgroups defined by disease.
substances emitted by combustion sources, such as TRAP, better than PM 2.5 and PM 10 7 and therefore, it is appropriate for developing trafficrelated policy measures. 8, 9 BC exposure has been associated with increased risk of incidence and prevalence of asthma during the first 6 years of life. 2, 10 Ultrafine particles number (UFP, <100 nm) are of special concern as they have a greater surface area and alveolar deposition fraction than PM 2.5 and PM 10 , the potential to translocate from the lung into the blood stream and into other organ system, and the ability to induce inflammation and oxidative stress. 5, 11, 12 As the particle surface area appears to be associated with higher toxicity of atmospheric UFP, 13, 14 lung-deposited surface area (LDSA) could help to understand differences on health outcomes from the same amount of particle mass. 15 Exposure to UFP has been associated with decreased lung function and increased lung inflammation among asthmatic adults. [16] [17] [18] Studies in children suggest that UFPs are associated with increased incidence of asthma but the literature remains inconclusive. 13 Land use regression (LUR) has been the most used technique to estimate medium and long-term TRAP exposure during childhood.
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However, TRAP can be better estimated using personal monitoring which allows an accurate measurement of the actual particle concentration levels that children are exposed to in relation to each microenvironment (home, school, transportation, and others) visited. [21] [22] [23] This is particularly important for UFP with a high spatial variation.
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Moreover, the relative contribution of traffic-related air pollutants in indoor microenvironments (eg, home and school) is still understudied. 6 Few studies have characterized personal BC and UFP exposure in children with enough temporal resolution to assess the contribution of every microenvironment visited, revealing the importance of transport and cooking activities for BC and UFP, respectively. [25] [26] [27] [28] Nonetheless, none of these studies measured personal BC and UFP exposure in asthmatic children which represents one of the most vulnerable groups to TRAP exposure. Only two studies, both conducted in United States, have assessed 24-h personal exposure to elemental carbon (EC), which is highly correlated with BC, 29 in asthmatic children and observed that personal EC was associated with increased risk of wheeze and decreased lung function. 22, 30 However, none of these studies included a control group of non-asthmatic children or used temporal series resolution of EC exposure, therefore, without providing insights of the contribution of the different microenvironments on TRAP concentration.
In this study, we aimed to compare activity patterns and average exposure concentrations in each microenvironment to BC, UFP, and LDSA between non-asthmatic and asthmatic children. Our hypothesis is that the disease is changing both the timing and the average exposure concentrations by changing behaviors to avoid air pollution exposures.
| METHODS

| Study population
A population-based birth cohort was established in the city of We classified a child as non-asthmatic if parents replied never to the question asked at 6 months and 1.5 years on how often had the child "whistled" in the last 6 months and no to the question asked at 4 and 7 years on wheezing in the chest. Based on this classification, we selected 50 asthmatic (29 past and 21 current) and 50 non-asthmatic children at the age of 9 years (standard deviation [SD]: 0.7) of the 787 mother-child pairs initially enrolled. We selected children at random within the asthmatics and non-asthmatics of the cohort.
| Personal exposure monitoring (PEM)
The experimental campaign, designed as part of the HELIX and EXPOSOMICS projects, 33, 34 was not possible to carry the backpack, children were instructed to keep the backpack in close proximity to them and at least at 1.5 m above the floor. We also asked them to write down when they started and finished those activities and the type of activity (eg, showering and swimming). They were also instructed to charge the PEM equipment approximately every 6 hour during class time and at night. All devices were synchronized at the start of each monitoring period.
The BC and UFP exposures were obtained, as time-series datasets, in one-minute resolution from the MicroAeth 35 and in onesecond resolution from the DiSCmini. 36 All MicroAeths and DiSCminis were calibrated during the year before the experimental campaign.
The MicroAeth is an instrument based on Aethalometer technology, which measures BC air concentrations using light-emitting diodes at 880 nm. The BC dataset was post-processed using the optimized noise-reduction averaging (ONA) algorithm, 37 which reduces the occurrence of negative values to virtually zero while preserving the significant dynamic trends in the time series. The MicroAeth flow was set at 100 mL/min and was checked every week and calibrated if it exceeded the range 100±2 mL/min. A new filter strip was used for each participant. The DiSCmini is a diffusion size classifier capable to detect UFP, and it is based on unipolar charging of the aerosol, followed by detection in two electrometer stages. 36 The LDSA concentration is the particle surface area concentration per unit volume of air, weighted by the deposition probability in the lung. 36 For particles smaller than ∼0.3 μm, a good correlation has been found between LDSA and the signal of a diffusion charger (TSI model 3550 NSAM) both for the alveolar and tracheobronchial parts of the lung. 38 We processed the DiSCmini data with a Java tool provided by the manufacturer (http:// fierz.ch/minidisc/), to obtain the UFP and alveolar LDSA dataset. UFP dataset was post-processed with an algorithm which removed the data recorded with a DiSCmini malfunction, negative or zero values, and values with a difference of more than 10% with the previous value.
The geolocation data of each participant were obtained from ExpoApp 39 in a one-second resolution time-series dataset. We considered that a child's daily overall exposure to TRAP is mainly determined by particle concentration levels at home, school, and transportation.
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Therefore, we assigned each geographical coordinate provided by ExpoApp to one of the following microenvironments: home, school, transportation, or others, using a newly developed spatiotemporal map-matching algorithm. 41 We also calculated the overall exposure which includes the four microenvironments. In brief, the algorithm classifies the points as clustered or not clustered (places or transportation) using the circular variance of the azimuths of groups of time sequential points. This algorithm is not able to distinguish between different transports modes. Based on the clusters spotted by this process, the algorithm selects other points under a defined space and time threshold (20 m and 1 hour) and considers them as part of the same spatiotemporal cluster, splitting between spatial clusters when there is a distance equal or larger than 50 m. The algorithm then calculates the centroid of each spatial cluster, using the geocoded points provided by the mother of the child, to identify home and school places. 
| Other covariates
Information on parental educational level was obtained from faceto-face interviews to the mothers during the first trimester of pregnancy. Information on gas cooking, home and school geolocalization (address provided by the mother in a Quantum GIS map 1.8.0-Lisboa;
OpenLayer plugin 1.1.0), and whether the parents or others smoked at home was obtained from face-to-face interviews to the mothers during personal monitoring at 9 years of the child. Information on sex, birthweight, and date of birth was obtained from clinical records.
Weight and height of the child were measured at 9 years, and body mass index (BMI) was calculated.
| Statistical analysis
Bivariate analyses (Mann-Whitney test, Kruskal-Wallis, chi-squared, or Fisher's exact tests) were used to evaluate potential differences in children characteristics between asthmatics and non-asthmatics.
Bivariate analyses were also used to explore the differences in timeactivity patterns between asthmatics and non-asthmatics. Linear regression models were used to evaluate associations between children characteristics and log-transformed exposure concentrations (BC, UFP, and LDSA). Finally, bivariate analyses were used to evaluate differences in exposure concentrations in each microenvironment between asthmatics and non-asthmatics. In case there were differences in pollution levels by asthma, we conducted multivariate linear regression including children characteristics in the model. Pearson correlation coefficients were calculated between personal exposure concentrations of BC and UFP for each of the microenvironments. All statistical analyses (data management and descriptive statistics) were performed using R, v 3.2.3. Table 1 presents the main characteristics of the study population (50 asthmatics and 50 non-asthmatics). Asthmatic (all and past/current) and non-asthmatic groups differed by age, height, and season when PEM was performed. We observed no differences among groups in terms of sex, BMI, parental educational level, mother smoking at home, and gas cooking. Time-activity patterns did not differ between asthmatics and nonasthmatics in any microenvironment (home P-value=.852; school Pvalue=.259; transportation P-value=.662; other P-value=.393). (Table 3) . However, when age of the child was considered, the difference between the two groups was reduced from 2.0x10 3 to 0.03x10 A high-to-moderate correlation was found between the overall median BC and UFP personal concentrations (Pearson r=.65; P-value:
| RESULTS
<.01) (Figure 2 ). When splitting by microenvironments, we found higher correlations between BC and UFP for others (r=.82; P-value:
<.01) and transportation (r=.73; P-value: <.01), than for school (r=.62; P-value: <.01) and home (r=.56; P-value: <.01) microenvironments.
This correlation pattern was found in both groups (see Figure 2 ).
| DISCUSSION
Our results suggest that asthmatic children were exposed to similar BC, UFP, and LDSA concentrations than non-asthmatics. No betweengroup differences in exposure concentrations were found by type of microenvironment, nor when considering past and current asthmatic children, separately. We observed high-to-moderate correlations between personal BC and UFP exposures.
The daily time-activity patterns based on the smartphone geolocation data of each child showed no differences between asthmatic and non-asthmatic children. Children spent most of the time at home (60%-61%), followed by school (20%-23%) and transportation (8%-7%). These percentages were very similar to those reported in Mazaheri et al. 27 and Buonnano et al., 21 where school children aged 8-11 years of age from Australia and Italy spent 65% and 64% of their time at home, 28% and 24% at school, and 3% and 4% commuting, respectively. Both studies assessed time-activity patterns using travel activity diaries, which is in good agreement with the data obtained from smartphone. 39 However, travel activity diaries are limited by recall bias, reliability, reproducibility, and compliance. 42 This may explain the highest proportion of time spent on transportation observed in our study compared to the other ones.
The overall median BC personal concentrations observed in our study were higher than those reported by Nieuwenhuijsen et al.,
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T A B L E The overall BC, UFP, and LDSA missing data are due to the applied inclusion criteria for MicroAeth and DiSCmini data independently. When looking at the different microenvironments, the data missingness varies due to the added smartphone data inclusion criteria. BC, black carbon; GM, geometric mean; GSD, geometric standard deviation; LDSA, alveolar lung-deposited surface area; Max, maximum; Min, minimum; p, percentile; UFP, ultrafine particle.
who followed 45 children aged 7-11 years from Barcelona during Cassino and Barcelona seem to be more exposed to personal BC and UFP; however, Sabadell also has high levels of traffic-related air pollutants. 46 Transportation was the microenvironment in which the highest BC, UFP, and LDSA concentrations were measured, 21, 47 but it was the microenvironment where the children spent least time during a day. We observed that asthmatics and non-asthmatics were exposed to similar BC, UFP, and LDSA concentrations both overall and at any microenvironment. Asthmatics at 9 years were exposed to higher UFP than non-asthmatics, but when age of the child when PEM was performed was considered, this difference disappeared. The overall BC, UFP, and LDSA missing data are due to the applied inclusion criteria for MicroAeth and DiSCmini data independently. When looking at the different microenvironments, the data missingness varies due to the added smartphone data inclusion criteria. p, percentile; BC, black carbon; UFP, ultrafine particle; LDSA, alveolar lung-deposited surface area; SD, standard deviation.
We found moderate correlations between BC and UFP for the overall 24-h exposure, which were high for transportation and other microenvironments. 16, 48, 49 Indeed, BC and UFP are often well correlated in urban air because of similar sources such as vehicle exhaust emissions. 44 On the contrary, we found lower correlations between BC and UFP for home and school than for transportation which could be due to the smaller range in concentrations in those microenvironments. This suggests that at home and school, there could be nontraffic-related UFP sources such as cooking and cleaning activities, occupational density, type of classroom board, and candle burning that may explain these low correlations. [50] [51] [52] [53] The main strength of our study is the personal monitoring exposure assessment of BC and UFP incorporating daily mobility patterns, which introduce less error on exposure assessment than individuallevel exposure estimates. 54 Another strength of the study is the use of new smartphone technology which allows assessing objectively the time-activity patterns and hence the microenvironments that contributed mostly to the overall TRAP exposure of a child. Finally, the casecontrol study design led us to compare daily personal exposure to TRAP between asthmatic and non-asthmatic children of the same age.
The major limitation of the study is the small sample size which may have hindered the identification of differences between asthmatics and non-asthmatics. Another limitation is the short-term (24-h) monitoring period which could have been insufficient to capture the daily exposure variability. All children were followed during school days to reflect the daily TRAP exposure of a child during the major part of the year; however, we cannot dismiss confounding by sampling day.
Children were instructed to continue their routine activities in order to avoid behavioral modifications. Another limitation is that asthma was self-reported by the mother and therefore, outcome misclassification ) and UFP (×10 3 part./cm cannot be ruled out. In our study, we distinguished between past and current asthmatics because children with asthma symptoms during the first years of life may not develop asthma later on; these division allowed us to see differences in air pollutant concentrations between groups although they did not differ. Another limitation is that we did not correct air pollution personal concentrations for background concentrations (ie, BC and UFP variations between days across the study area). The cross-sectional design of our study did not allow us to establish causality between TRAP exposures and asthma incidence.
Longitudinal studies are needed to reveal whether the concentrations of BC and UFP are associated with a higher risk of asthma at school age.
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In conclusion, our study suggests that asthmatic and non-asthmatic children had a similar time-activity pattern and similar average exposures to BC, UFP, and LDSA concentrations. This suggests that interventions should be tailored to general population, rather than to subgroups defined by disease.
